Abstract. The electrostatic treatment of the field and charge distribution of a lightning discharge leads to the result that the charge distribution of a lightning stroke is composed of (1) the influence charges induced by the electric field of the thundercloud with the net charge zero, and (2) the net charge, which results from the potential difference of the lightning stroke and the ground before the lightning hits the ground. The first kind of charge distribution is that of a cloud discharge and that of the first leader of a ground discharge. The second kind of charge distribution is a feature of the main or return stroke of a ground discharge only. It is the charge distribution of a charged body and independent of the field distribution in the thundercloud. We can therefore apply to the return stroke the well-known electrodynamic theory of transients on a transmission line.
INTRODUCTION
The lightning discharge is an electrodeless spark, which grows in the electric field of the thundercloud.
This electrostatic field of the cloud furnishes the energy and determines, in accordance with the laws of the electrodynamic theory and gaseous discharges, the development of the lightning flash. The relationships among the numerous physical elements involved are usually given by differential equations. In a mathematical sense, then, the theory of the lightning discharge would be the solution of a set of differential equations by certain electrostatic initial or boundary conditions. These boundary conditions would be given by the po- We know, from photographic investigations with the Boys camera, that especially the lightning to the ground consists of different phases such as the stepped leader and the main or return stroke. In a multiple ground stroke this sequence may be repeated several times. As these phases, even the single steps of the stepped leader, are separated from one another by a rest period, we may be justified (at least as an approximation) in framing each phase by electrostatic boundary conditions. It is the purpose of this paper to discuss these electrostatic boundary conditions in greater detail and to see how we can improve the existing conception of the lightning discharge. We will find that the application of the electrodynamic theory of traveling waves on transmission lines to the main stroke of the lightning discharge is justified. Bewley [1951] has presented a fine treatment of this electrodynamic part of the problem. The present author's concept of the events in the cloud and of the leader stroke is different from Bewley's, but it is, with some modification, the same for the main stroke. Therefore the electrodynamic treatment of the main stroke will be referred to Bewley's book.
Another very interesting electrodynamic theory of the ground stroke is given by Hill [1957] . Even though this theory reflects very much the present concept of the lightning stroke, it deviates considerably in the treatment of the cloud as a conductor and in the charge distribution along the lightning channel from the treatment in the present paper. In opposition to Bewley's assumption of reflected waves, Hill considers the main stroke an aperiodic discharge. Finally, the calculation of the electrostatic boundary condition presented here is based on a paper by Kasemir [1950] , read at a conference on thunderstorm electricity in 1948 at Buchan, Germany; an extract was published in Israel's Das Gewitter, to which the reader is referred for a more detailed discussion of the electrostatic aspect of the lightning discharge.
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The charge distribution on a conducting spheroid in an arbitary, given electric field. The development of any theory usually involves considerable mathematical calculation, which is the most laborious part of the theory. Since it is a hindrance to have the physical discussion of the results interrupted by lengthy mathematical calculations, they are not included here. Rather than discuss the potential function •, which is generated by the charge distribution on the lightning channel, we will deal with the charge distribution itself. With the help of several graphs we will start from simple cases and advance to the complete picture. In the graphs the lightning is always represented by a heavy vertical line, and the charge distribu- and its upper end into the cloud, (b) represents the charge distribution on the leader stroke just before it makes contact with the ground. After the contact with the ground, the lightning has assumed ground potential, but the charge distribution along its channel is again proportional to •. Because • at the ground is zero, the charge density at ground point of the channel also has to be zero. The new charge distribution is shown in (c). We can construct this charge distribution of (c) by superimposing that of (a) to that of (b). Hereby, (a) would give the charge distribution deposited on the channel by the main stroke. Before advancing to the lightning stroke in an inhomogeneous field, we should like to point out the difference between this concept and the present model of a lightning stroke.
In Figure 2 , (a) shows qualitatively, in the first four successive pictures, how the leader stroke advances to the ground with the deposit of negative charge along its channel [Schonland, 1938 ]. This charge is delivered by the negative space charge center of the cloud. As soon as the leader reaches the ground the negative charge is discharged into it.
In the mathematical treatment [Hill, 1957] Another check would be the frequency of the radiated electromagnetic wave. One cycle would be completed by the time necessary for the electric surge to travel once up and down the channel. The traveling speed of the main stroke is in the average 6 X 10 • cm/sec. If we assume the length of the lightning channel to be 3 km, we would arrive at a frequency of 10 kc/s, in good agreement with the experimental data.
